0 /NiO (nickel/nickel oxide) core-shell nanostructures were synthesized through a facile combustible redox reaction. Remarkably, the hetero-phase boundary with different crystalline orientations offered dual properties, which helped in bifunctional catalysis. Presence of a metallic Ni phase changed physicochemical properties and some emerging applications (magnetic properties, optical conductivity, electrochemical sensitivity, catalytic behaviour) could be foreseen. Moreover, formation of a NiO layer on metal surface prevented magnetism-induced aggregation, arrested further oxidation by hindering oxygen diffusion, and acted as a good sorbent to enhance the surface adsorption of the analyte.
Introduction
Engineering of earth-abundant nanostructured materials with unique properties and applications has been explored extensively for fundamental scientic and technological interests. In the last few decades, nickel-based hybrid materials have garnered considerable attention in memory devices, gas sensors, electrochromic lms, battery cathodes, catalytic materials and magnetic materials [1] [2] [3] [4] [5] [6] due to their unique physicochemical properties (intrinsic strength, light weight, corrosion resistance and good conductivity). Nickel-based hybrid materials are earth-abundant, have low toxicity, and can be used to make inexpensive materials. [7] [8] [9] [10] Thus, nickel hybrid materials have been used for engineering (e.g., alloying, doping, coreshells) various typical crystalline structures. 11, 12 In particular, researchers have focused on NiO core/shell materials due to their exceptional physiochemical behaviors: abnormal adsorptive properties, active magnetic centers, high surface areas, surface defects and fast diffusivities. Moreover, pure NiO may not be preferred as a good catalyst due to poor electrical conductivity and antiferromagnetic nature. Hence, to overcome this problem, decoration of noble metals (Ag, Au, Cu) on nickeloxide surfaces has enhanced their catalytic behaviour, but recovery is difficult and the process is expensive. 13, 14 Therefore, development of a cost-effective magnetic recoverable catalyst must be the prioritized. Furthermore, Ni/NiO core-shell materials are highly electrochemically stable due to alloying effects and structure-induced strain effects. 15, 16 Formation of a nickeloxide layer hinders the diffusion of oxygen to make contact with the "buried" nickel crystallites. Hence, the metallic Ni hybridised with NiO would be a suitable candidate for bifunctional applications, and would enhance sorption aer electron transfer as well as electrochemical and catalytic activity. An intriguing feature could be a synergetic effect arising between the metallic core and acid-base sites in the core-shell structure, which would enhance the catalytic performance.
Key challenges in the synthesis of core-shell materials are scalability and multi-step processes. Modication of a core material with a shell by problematic complex procedures or addition of a reactive material can affect the phase boundary of core structures. It is necessary to have a general method to prepare nanoparticles with controlled size to attain unique properties. Core/shell nanostructured materials have been prepared by several methods: template-mediated synthesis, lowpressure spray pyrolysis and polymer-matrix assisted synthesis. 17, 18 Few of the methods stated above are suitable for large-scale synthesis; they suffer from size-heterogeneity and expense. To overcome these issues, we chose a rapid, single-step procedure for large-scale material synthesis with facile methodology. Hence, a combustible redox reaction would be preferred to obtain highly crystalline material, and rapid accomplishment could arrest the post-oxidation of metallic nickel.
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Addition of 1-10% of a non-ionic kosmotrope (e.g., glycerol, propylene glycol and ethylene glycol (EG)) in an aqueous system makes it highly viscous due to the formation of strong waterwater hydrogen bonds, which affect the size of nanoparticles without the assistance of surfactants or templates.
20,21 Herein, we used ethylene glycol (EG) as a multipurpose solvent to attain a high boiling point and high viscous nature and maintained a reducing atmosphere to control nucleation.
Most nitro-aromatic compounds have been found to be environmentally poisonous materials. 4-Nitrophenol (4-NP) is one of the most refractory pollutants oen present in industrial effluents, but is important in the preparation of several analgesic and antipyretic drugs such as paracetamol and phenacetin. [22] [23] [24] In addition, 5-hydroxytryptamine (5-HT, serotonin) is a monoamine neurotransmitter involved in a large number of physiological processes in the digestive system, mood, sleep, emesis, sexuality, and appetite. Changes in serotonin levels within the digestive system can cause neurological disorders and several diseases. 25 Therefore, detection of the 5-HT level is a crucial requirement for understanding the mechanisms of gastrointestinal functions and monitoring pathophysiological conditions. Hence, it is worthy to conduct the reduction of 4-NP to 4-aminophenol and electrochemical detection of 5-HT using an earth-abundant catalyst. The initial focus of this work was to understand materials properties through optimizing nanostructured Ni/NiO for potential applications (electrochemical detection of 5-HT and catalytic reduction of 4-AP). We tried to gain better understanding of the effect of the metallic-nickel phase on physicochemical properties (structural, magnetic and optical) through metal/metal oxide hybrid nanostructure approaches. The relatively simple method of preparation makes them an attractive class of hybrid catalysts.
We utilized the auto combustible redox reaction of Ni/NiO to further improve magnetic and catalytic properties. Briey, a detailed investigation and discussion on structural analysis, elemental analysis, electronic transition, surface morphology, and magnetic properties of hexagonal magnetic Ni/NiO nanostructures were reported. Additionally, to study the bifunctional catalytic ability of magnetic Ni/NiO, we undertook electrochemical sensing of 5-HT and catalytic reduction of 4-NP.
Experimental section

Materials
Nickel acetate tetrahydrate, ammonium carbonate, EG, hydrazine hydrate, 4-NP and sodium borohydride were purchased from SRL India Ltd and 5-HT from Sigma-Aldrich; all were used as received. For the preparation of buffer solution, disodium hydrogen phosphate, sodium dihydrogen phosphate, acetic acid, sodium acetate, hydrochloric acid, potassium chloride, sodium hydroxide, and ethanol were purchased from Merck, and double-distilled water used as solvent.
Synthesis of Ni/NiO nanostructures
Ni/NiO nanostructures were prepared by reacting a stoichiometric amount of aqueous 0.01 M nickel acetate and 5% EG homogenized for 10 min. Aer few seconds, pale-green Niglycol micelles were formed. The reaction mixture turned to purple aer slow addition of 1 mM hydrazine hydrate, which turned bluish upon addition of an aqueous 0.01 M ammonium carbonate mixture at 0.1 : 1 ratio. Excessive addition of a hydrazine : ammonium carbonate (hydrazinocarbonic acid) dissolved the intermediate precursor to a dark-blue solution. This suspension was stirred for 20 min at 60 C with a magnetic stirrer. Furthermore, the reaction mixture was transferred directly to a silica boat and then evaporated on a hot plate for a combustible redox reaction. The temperature was increased until the sample mixture was ignited. Once complete combustion was over, samples were removed immediately from the hot plate to arrest complete oxidation. This reaction mixture is too vigorous and explosive when we used nickel nitrate instead of nickel acetate. The resulting black spongy powder (ascombusted or Ni-C) was heated in a muffle furnace at 300 C, 400 C, and 500 C for 10 min to improve its crystalline nature.
Characterization techniques
The crystal structure, grain size and lattice parameter of the sample were determined by a diffractometer (Rich Siefert 3000) with Cu K a1 radiation (l ¼ 1.5406Å). X-ray photoelectron spectroscopy (XPS) measurements were made using an Omicron Nanotechnology system with a XM-1000 monochromatic Al K a source (1483 eV) operated at 300 W (emission current of 20 mA running at 15 kV) and a base pressure of 5 Â 10 À5 mbar. The survey scan was undertaken with a step size of 0.5 eV along with 50 eV as the pass energy. A high-resolution scan was done with 0.03 eV as the step size and 20 eV as the pass energy with three sweep segments. Raman spectroscopy was done using a laser confocal microscope (Raman-11; Nanophoton). Ultravioletdiffuse reectance spectroscopy (UV-DRS) was undertaken using a spectrophotometer (lambda650; PerkinElmer). The morphology of the nanopowder was analyzed by eld-emission scanning electron microscopy (FE-SEM) using a SU6600 system (Hitachi) coupled with transmission electron microscopy (TEM) and energy-dispersive X-ray analysis (EDAX) (TECNAI G2 model T-30; FEI) at an accelerating voltage of 200 kV. Magnetic properties were measured at room temperature using a vibrating sample magnetometer (Lakeshore 7404).
Electrochemical sensing of 5-HT
Electrochemical measurements were performed at 298 K using an electrochemical analyzer (1103A; CHI). A three-electrode cell was used with a saturated calomel electrode (SCE) as the reference electrode, platinum wire as the counter electrode, and a modied glassy carbon electrode (GCE) as the working electrode. Cyclic voltammetry (CV) and differential pulse voltammetry (DPV) studies were carried out at various potential windows at a scan rate of 50 to 500 mV s À1 in 0.1 M N 2 saturated phosphate buffer solution. The modifying process of the electrode was followed by the method described by Kumar and colleagues.
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The catalyst suspension was prepared by dispersing 2 mg of the sample in 5 mL of ethanol using ultrasonication for 10 min. Then, 5 mL of the suspension stated above was spread on the highly polished GCE surface from the aliquots and dried at room temperature. Various pH (2-9) solutions were prepared by mixing the stock solutions: 0.1 M HCl and 0.1 M KCl were used to prepare pH (1-2)-buffered saline, acetic acid-buffered saline (ABS, pH 3-5) adjusted with 0.1 M CH 3 COOH, 0.1 M CH 3 COONa, and phosphate-buffered saline (PBS, pH > 6) was prepared by mixing of Na 2 HPO 4 , 1.36 g of NaH 2 PO 4 , and NaOH into 1 L of deionized water.
Catalytic reduction of 4-NP
An aqueous suspension of Ni/NiO nanoparticles (5 mL, 0.4 g L
À1
) was added to a NaBH 4 aqueous solution (5 mL, 0.3 M), and the mixture stirred for 10 min at room temperature. 4-NP (5 mL, 0.003 M) was then added to the mixture, which was stirred until the bright-yellow color changed gradually to colorless ( Fig. S2 and S3 †). The reaction progress was monitored by measuring UV-Vis absorption spectra. To study catalyst durability, the catalyst was centrifuged aer reaction for 60 min, and the clear supernatant liquid was decanted carefully. The catalyst was washed thoroughly with water and ethanol, followed by drying at 60 C for 6 h in a vacuum oven. Then, the catalyst was reused for subsequent recycling under the same reaction conditions.
Results and discussion
Structural analysis of Ni/NiO
All synthesized samples were characterized using various methods, including X-ray diffraction (XRD). Fig. 1 shows the powder XRD pattern of Ni/NiO [as precipitated at RT (Ni-RT), as-combusted (Ni-C), 300 C (Ni-300), 400 C (Ni-400) and 500 C (Ni-500), respectively]. The XRD spectrum of Ni-RT gave only unresolved peaks due to its amorphous nature, which could not be resolved without annealing. Remarkably, the reaction mixture showed well-resolved diffraction peaks aer combustion. The resulting combusted materials contained NiO and metallic Ni 0 and equal ratios were identied. The diffraction peaks appearing at 2q ¼ 37.12 , 43.29 , and 62.87 were indexed as the (111), (200), and (220) planes of the cubic phase (a ¼ 4.177Å) of NiO (JCPDS no. 065-5745), with an Fm 3m (225) space group. The diffraction peaks appearing at 2q ¼ 44. 4 , and 51.5 were indexed as the (111), and (200) planes of the cubic phase (a ¼ 3.535Å) of metallic Ni (JCPDS no. 065-0380), with an Fm 3m (225) space group. Moreover, the XRD characteristic peaks were broader with high intensity, which indicated a small crystallite size. Upon calcination, the intensity of metallic peaks at 45 and 52 started to vanish, which could have been due to oxidation of Ni 0 to its oxide material by higher thermal energy.
However, little signal intensity was observed up to 400 C, in accordance with the diffraction of the metallic phase. For (Ni-500), aer calcination at 500 C, no diffraction peaks correspond to the metallic phase. Diffraction bands disappeared completely and NiO characteristic peaks were narrow with high intensity. Hence, complete oxidation of the metallic phase to the pure NiO phase as evidenced by increasing crystallite size and disappearance of Ni 0 bands, and in good agreement with the literature, 27 was observed. The average crystallite size of Ni and NiO were calculated by the deconvolution of highly intense diffraction peaks, based on the Scherrer formula:
where l ¼ X-ray wavelength, b ¼ full-width half-maximum (FWHM) and q ¼ diffraction angle. The calculated average crystallite sizes (D) are shown in Table 1 . Fig. 2A and B show the XPS survey, Ni (2p), and C (1s) core level spectrum of Ni/NiO hybrid materials calcined at Ni-300 C,
and Ni-500 C, respectively. The binding energies (E B ) of obtained spectra were charge-corrected by referencing the C 1s peak to 284.6 eV. The deconvoluted C 1s spectrum in the range 281-290 eV is shown in Fig. 2i . The Ni (2p) core-level ( Fig. 2ii ) emission was split into two signicant peaks at E B of 857.6 and 875.3 eV with two satellite peaks corresponding to the spinorbit components of 2p 3/2 and 2p 1/2 , respectively. The spin-
2 eV (Ni/NiO) and the peak 2p 3/2 looked stronger than 2p 1/2 . The spin-orbit sublevels 2p 3/2 and 2p 1/2 were superimposed multiplet splitting, which was due purely to the electrostatic interaction between 2p and 3d shells. Apart from that, an additional small shoulder peak appeared at lower energy than Ni 2+ at 853.9 eV that could be assigned to metallic Ni in the Ni/NiO hybrid structure (Fig. 2B) , which was not observed in NiO-500 sample ( Fig. 2A) and which was in good agreement with the literature. 17, 28 The O (1s) core-level spectra of binding energy vs. intensity are shown in Fig. S1 . † The two peaks with binding energies of 528-535.7 eV were due to a hybrid metal oxide (Ni-O) and surface hydroxyl group, respectively. The presence of a surface hydroxyl group was due to the hygroscopic character of the metal oxide. 29, 30 The obtained XPS elemental analyses provided good information about the presence of Ni 0 , and Ni 2+ species in Ni/NiO, and were in accordance with the results discussed above (Fig. 1) .
Morphological analyses of Ni/NiO
The FE-SEM image of Ni/NiO shown in Fig. 3a was in agreement with TEM results (Fig. 3b, d and e), which clearly indicated that the product consisted of assembled nanostructures. Close inspection of high-magnication FESEM and TEM images (Fig. 3) suggested that the coalescence between particles may have contributed to growth in the combustion stage. Ripening at this stage led to the formation of a hexagonal nanostructure. At the combustion stage, the ripening process took place due to the thermal diffusion of ions, which induced structural and shape deformations. Subsequent inspection of the results revealed the formation of a Ni/NiO hybrid nanostructure obtained by ripening followed by orientation. Fig. 3c shows a selected area electron diffraction (SAED) pattern consisting of bright rings, lattice fringes ( Fig. 3e ) and EDAX elemental mapping that matched well to Ni/NiO nanostructures, which were in good agreement with powder XRD results (Fig. 4) .
Formation mechanism of Ni/NiO nanostructures in a singlestep reaction procedure
In general, synthesis of Ni/NiO core@shell materials encompasses multiple stages with the assistance of a reducing agent under basic medium and, usually, an inert atmosphere is maintained during the entire process. In this work, a EG : N 2 H 4 mixture along with ammonium carbonate acted as a redox agent to create an in situ mildly basic condition and inert atmosphere upon combustion. According to experimental results, the possible formation mechanism of the Ni/NiO chain-like coreshell nanoarchitecture could be explained in two main steps. First, the self-assembly of EG : N 2 H 4 results in micelle formation, which reduces occulation and stimulates the formation of a well-dened structure by creating a steric atmosphere on the surface of nuclei due to the inherent van der Waals attraction of the surfactant. S2 †) and the thermal behavior of the precursor was also evaluated by thermal gravimetry-differential thermal gravimetry (TG-DTG) (Fig. S3 †) , which were in good agreement with the literature. 33 To achieve a crystalline NiO shell, the resulting precursor was combusted at above z250 C. At a calcination temperature of 500 C, the core metallic nickel was oxidized to pure NiO. Furthermore, at this stage of crystal growth (Fig. 7) , formation of a porous nature would be rational due to the removal of N 2, NO 2 and a large amount of CO 2 in the presence of atmospheric oxygen. Moreover, the metallic nickel was covered by porous nickel oxide, which allowed contact with reactants on core and shell surfaces, and the nickel oxide layer arrested further oxidation of Ni 0 . Based on the results stated above, a solution-solid-solid growth mechanism was proposed.
Optical studies of Ni/NiO Fig. 5A shows the absorption spectra of Ni/NiO calcined at Ni-C, 300, 400 and 500 C carried out using UV-Vis DRS to characterize optical absorbance. UV absorption in the wavelengths of the visible region consisted of a signicant broad band at 720 nm, predominant peak between 400 and 580 nm, and at 369 nm. Increasing the temperature led the relative intensity of the two broad bands to increase signicantly, suggesting that the intensity of the composed bands depended strongly upon the environment. The weaker absorption band at 400-580 nm was ascribed to absorption of the Ni host lattice due to the transition from the 2p orbitals of O 2À to the 3d orbitals Ni 2+ . The weak absorption at 720 nm was attributed to the internal dd transition.
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The band gap can be calculated from eqn (2):
where a ¼ is the absorption coefficient, A is a constant, E g is the band gap and n equals either 1/2 for a direct allowed transition or 2 for an indirect allowed transition. Band gaps deduced from a Tauc plot of (ahn) 2 vs. hn are shown in Fig. 5B . The extrapolated value of hn up to zero absorption elicits the valence-to-conduction-band directallowed transition or optical band gap energy (E g ) of various materials. It is well known that a semiconductor with nanoscale size shows a blue shi in its spectrum due to quantum connement effects. 34 The synthesized Ni/NiO resulted in a lower E g value than that of pure NiO. This effect was likely due to the chemical defects present in the inter-granular regions, which generate new energy levels to decrease the distance between the valence to conduction band.
Magnetic studies of Ni/NiO
The magnetic properties of Ni/NiO hybrid nanostructures were analyzed by a vibrating sample magnetometer, with an applied eld between À15 000 Oe to 15 000 Oe. The magnetization versus magnetic eld plots (measurements of M-H magnetic hysteresis loops) are shown in Fig. 6 carried out at room temperature. The resulting graph provided evidence for ferromagnetic behavior, which could be concluded based on the obtained coercivity (H c ) and retentivity of the hysteresis loops. Ni/NiO hybrid nanostructures manifested well-dened ferromagnetic behavior at room temperature and had coercivity, which was due to the higher thermal energy than the anisotropy energy of the nanoparticles ( Table 1 ). The saturation magnetization (M s ), remanent magnetization (M r ), and H c were determined to be 16.17 emu g À1 , 2.41 emu g À1 , and 115 Oe, respectively, for Ni/NiO as a combusted sample. The M s of Ni/ NiO compared with that reported for pure Ni 0 nanoparticles exhibited a large difference, which could be attributed to weak magnetic interfaces (nonmagnetic residual carbon and antiferromagnetic nickel oxide layer covered on the surface of metallic Ni nanoparticles). Accordingly, the magnetization of nanoparticles is usually smaller than that of the corresponding bulk materials.
Catalytic reduction reaction of 4-NP to 4-aminophenol
To evaluate the catalytic activity of the Ni/NiO core/shell catalyst, all samples (Ni-C or as-combusted nanocatalysts, Ni-300, Ni-400 and Ni-500) were veried through catalytic reduction of 4-NP to 4-aminophenol. Most nitro-aromatic compounds are environmentally poisonous materials. 4-NP is one of the most refractory pollutants oen present in industrial effluents, whereas 4-AP is important in the preparation of several analgesic and antipyretic drugs, such as paracetamol and phenacetin. 36 The reduction reaction of 4-NP can be easily monitored by UV-Vis spectroscopy (Fig. S4 and S5 †) . A solution of 4-NP exhibited a strong absorption peak at 400 nm when treated with an aqueous solution of NaBH 4 (Fig. S4 †) . Addition of Ni/NiO nanocatalysts into a 4-nitrophenolate-BH 4 system led to a decrease in peak intensity corresponding to the 4-nitrophenolate ion at 400 nm. This increase in the peak intensity corresponded to 4-aminophenol at 298 nm, which is in good agreement with the literature. 37, 38 Catalytic reduction started with the formation of an intermediate (4-nitrophenolate ions), which turned a mild-yellow solution to dark-yellow. Adsorption of nitrophenolate on the nanoparticle surface followed by hydrogen transfer to catalyst facilitated reduction of the nitro group to an amino group. The decrease in the strong absorption peak at 400 nm could be readily monitored: the absorption associated with 4-nitrophenolate decreased with a concomitant increase in the absorption maximum at 298 nm. A new peak could be achieved due to desorption of reduced p-aminophenol from the adsorbent. These results indicated that a cost-effective, abundant, facile Ni/NiO core-shell system with higher active surface area could catalyse the reduction reaction through adsorption-desorption kinetics. The mechanism underlying the reduction reaction is shown schematically in Fig. 7 . The reduction reactions followed pseudo rst-order kinetics with respect to 4-NP, which was defensible from a linear correlation between ln(A t /A 0 ) with time. Catalytic performances depended strongly on the morphology and environment of the catalyst. The reaction proceeded rapidly, with conversion completer at a reaction time of $9 min (Fig. 8) . Moreover, Ni/ NiO core-shell-structured catalysts with nanoscale facilitated the outstanding catalytic performance compared with pure NiO catalysts. Finally, the fact that the reduction efficiency decreased with the increasing calcination temperature of catalysts could have been due to the lattice defect, phase transformation and increasing particle size. Those defects in Ni/NiO lattices lead to changes in the band gap (electronic effect), loss of synergetic behaviour (adsorption of substrates) and decreased surface-to-volume ratio.
Electrochemical sensing behavior of 5-HT on the modied electrode
We used electrochemical methods to detect 5-HT due to its electroactive behavior. Initially, CV was done at various pH (2) (3) (4) (5) (6) (7) (8) (9) values to examine the electrochemical behavior of all Ni/NiO catalysts. Fig. 9a shows the cyclic voltammograms of GCE/5-HT at various pH values at a scan rate of 100 mV s À1 . They
show an anodic oxidation peak in the potential windows of 0.2 to 0.6 V corresponding to the electrochemical oxidation of 5-HT on the surface of the bare electrode. As the pH increased from 2 to 9, the oxidation peak potential shied to a less positive potential, which could have been due to the generation of hydroxyl ions. 39 The results provide strong evidence that the electrochemical oxidation of 5-HT was dependent upon the pH of the electrolyte and that the behavior of GCE/5-HT differed signicantly. Compared with the other pH values, pH-7 and pH-8 showed better electrochemical behavior towards 5-HT, which had similar values of current density and various peak potential values. A buffer solution of pH 8 was chosen for all subsequent experiments due to the higher peak current and less positive potential values. Fig. 9b depicts the electrochemical oxidation of 5-HT on the surface of bare GCE (9a) and Ni/NiO modied GCE (Fig. 9b-d) as the working electrode (GCE/Ni/NiO/5-HT) in PBS containing 5 Â 10 À5 M 5-HT. Bare and modied electrodes showed an anodic peak with slight potential differences and more current variations in the potential region of 0.27-0.33 V. Ni/NiO-modied GCE toward 5-HT showed higher electrocatalytic activity than that of bare GCE. The Ni/NiO phase shied the oxidation potential to less positive potential with greater electrocatalytic activity compared with that of pure NiO. The surface pH effect on the modied electrodes could be the reason for the less positive potential shi (a synergetic effect between zero-valent Ni sites and acid-base sites in Ni-Ni-O catalysts improves the catalytic performance by shiing the potential towards a less positive region
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) because pH altered the anodic oxidation peak. Moreover, Ni/NiO samples showed an increase in conductivity due to the electronic effect between the core and shell. Electron transfer within phases altered the electronegativity and it had two electronic environments in each grain boundary, which enhanced the current density.
The effect of scan rate on the electrochemical response of 5 Â 10 À5 M 5-HT at the surface of GCE/Ni/NiO was studied by cyclic voltammetry to investigate electrode reaction kinetics (Fig. 10a) . When the scan rate was increased, the oxidation peak current moved positively and the reduction peak current moved negatively. The inset of Fig. 10a shows a plot of peak current (I p ) vs. square root of scan rate (n 1/2 ). Fig. 10b shows that the oxidation peak currents were linearly proportional to the scan rate from 50 to 500 mV s À1 . The linear regression equation for the anodic process was I a ¼ 0.518n 0.5 À 1.608 (R 2 ¼ 0.997). The number of electrons involved in the overall reaction could be obtained by eqn (3) (n ¼ number of electrons, I p ¼ peak current, R ¼ gas constant, T ¼ 298 K, F ¼ Faraday constant, Q ¼ charge, n ¼ scan rate). The total number of electrons involved in the redox process of 5-HT was $2, which is consistent with the literature. These data suggest that the electrode reaction corresponded to a diffusion-controlled process.
40-42
n ¼ 4IRT/FQn
The DPV response of 5-HT at Ni/NiO/GCE is displayed in Fig. 10c 
Conclusions
A simple method was developed to synthesize bifunctional Ni/ NiO core-shell nanostructures by a facile combustible redox reaction. A possible growth mechanism was discussed based on FE-SEM, TEM, XRD and XPS results and physicochemical properties such as the band gap (UV-Vis DRS) and magnetism (vibrating-sample magnetometer). Structural and morphology analyses clearly showed a metallic phase in as-combusted Ni/ NiO nanostructures. Here, the metallic Ni phase was found to be stable up to 300 C; upon increasing the temperature >300 C, formation of the NiO phase increased and NiO was oxidized completely at 500 C.
We believe that our method and choice of material has several advantages: simple reaction conditions, large-scale synthesis, cost-effective earth-abundant material, and easy recoverable magnetism. The ferromagnetic Ni/NiO prepared by our method showed high sensitivity towards 5-HT and better catalytic reduction toward 4-NP. These ndings are important for enabling catalytic studies and providing a sensor platform. Our method can be utilized to fabricate storage devices due to their outstanding optoelectronic properties.
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